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The synthesis, physical, photocatalytic, and antibacterial properties of MgO and graphene 
nanoplatelets (GNPs) nanocomposites are reported. The crystallinity, phase, morphology, chemical 
bonding, and vibrational modes of prepared nanomaterials are studied. The conductive nature of 
GNPs is tailored via photocatalysis and enhanced antibacterial activity. It is interestingly observed 
that the MgO/GNPs nanocomposites with optimized GNPs content show a significant photocatalytic 
activity (97.23% degradation) as compared to bare MgO (43%) which makes it the potential 
photocatalyst for purification of industrial waste water. In addition, the effect of increased amount of 
GNPs on antibacterial performance of nanocomposites against pathogenic micro-organisms is 
researched, suggesting them toxic. MgO/GNPs 25% nanocomposite may have potential applications 
in waste water treatment and nanomedicine due its multifunctionality. 
 
I. INTRODUCTION 
Multifunctional nanomaterials are of extreme impor- 
and solar cells.
17–19  
Interestingly, the same material MgO, 
being biosafe for healthy human cells and toxic for bacte- 
13,20–22 
tance in the modern era of industrialization. Due to rapid ria provides a platform to further investigate its toxic- 
industrial growth, there is constant confrontation of contami- 
nated natural resources like water. At the same time health 
risks posed by pathogenic bacteria need to be controlled by 
novel methods other than traditional antibiotics. Material 
scientists are in continuous effort to present solutions to 
health hazards created by synthetic dyes and bacterial 
contaminations. Recently, metal oxides (with or without 
chemical modification) are vastly researched for the photoca- 
talytic applications, i.e., to address water splitting and dye 
contaminated water remediation.
1–5 
Magnesium oxide (MgO) 
is  a  wide  band  gap  insulating  metal  oxide  with  bandgap 
energy 5–6 eV. It has been the focus of research both from 
theoretical and experimental point of view since decades.
6–10 
Different nanoscale morphology based applications of MgO 
make it an important ceramic material. It has been used as a 
nanothermometer (Ga filled MgO nanotubes),
11 
antibacterial 
agent,
12–14 
substrate for high Tc superconducting materials 
(HTSC), passive layer for high mobility transistors
15 
and an 
excellent dielectric material.
16 
The bandgap energy of nano- 
scale MgO, being an insulator is high, i.e., 5 eV which 
drags the attention towards making it optically active  for 
ity to pathogenic bacteria. The bare MgO shows negligibly 
low photocatalytic activity. The photocatalytic efficiency of 
MgO is restricted by its large bandgap energy and the quick 
recombination of charge carriers. This problem can be 
addressed by introducing an electron acceptor material with 
MgO. In this regard, carbon nanostructures are an attractive 
choice. To tailor above mentioned features and applications 
in a single material, we have combined MgO with graphene 
nanoplatelets (GNPs) (i.e., an insulating and a conducting 
phase) in this work. 
Graphene nanoplatelets (GNPs) are new class of deriva- 
tives of graphene family with quasi two dimensional, sp
2 
hybridized carbon atomic layers stacked upon each other. 
The high mechanical strengths, excellent thermal and electri- 
cal conductivities and unique energy dispersion relation near 
the Dirac points make graphene family materials a novel 
generation of carbon nanostructures. These features have 
opened new horizons for researchers to assemble graphene 
family materials with various organic and inorganic 
nanoscale units to tailor the combined properties in a novel 
fashion with target to achieve modern technological require- 
23–34 
applications like photo catalysis. Its surface modification is 
highly desirable to make its efficient use in adsorption of 
dyes,  photo-oxidation  catalysis  (for  waste  water  cleaning) 
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ments in all the fields of science and technology. 
The above mentioned superior characteristics lead 
researchers to obvious use of GNPs with ceramics to incor- 
porate their features in the form of nanocomposites. MgO, 
Mg(OH)2, and graphene family nanocomposites have been 
of very recent interest for researchers. There have been 
recent  reports  depicting  nanocomposites  as  heat  transfer 
 
 
.  
 
 
efficient materials and adsorbents of organic dyes, etc.
35–37 
These few reports have covered only the limited physical 
and chemical aspects of MgO and graphene family nano- 
composites. There is much potential in the area for the future 
work. There is the need to ponder over various aspects of 
MgO/GNPs nanocomposites to further throw light on those 
properties which have not been researched yet. This work is 
focussed to achieve a high photocatalytic activity of MgO/ 
GNPs nanocomposite as compared to MgO. In parallel, this 
study presents a comprehensive analysis of antibacterial effi- 
ciency of MgO/GNPs nanocomposites. To the best of our 
knowledge, here we report for the first time, the impact of 
MgO/GNPs nanocomposites on photodegradation of methyl 
orange. Moreover, the present report is the first article on 
GNPs loading dependent antibacterial properties of MgO/ 
GNPs nanocomposites. 
 
II. EXPERIMENTAL METHOD 
A. Synthesis of nanocomposites 
Here a versatile, low cost, wet chemical and surfactant 
free route for the preparation of MgO and MgO/GNPs nano- 
composites is reported. All the chemicals were of analytical 
grade. Magnesium nitrate hexahydrate (99%, Merck), 
sodium hydroxide (>98%, Merck), ethyl alcohol (99%, 
Merck), GNPs (100%, KNano), and distilled water were 
used to synthesize the MgO and its nanocomposites. 
The nanocomposites were synthesized by sonication 
assisted solvothermal method. The GNPs were dispersed in a 
mixed solvent of absolute ethanol and distilled water (1:1) 
by sonication for few hours at room temperature. At this 
stage 14.74 g of Mg(NO3)2 6H2O was dispersed in the above 
solution, followed by sonication. Basic solution of NaOH 
was prepared in a mixed solvent of distilled water and abso- 
lute ethanol (1:1). The sonicated solution was added to the 
basic solution in a controlled manner, followed by vigorous 
magnetic stirring at 1200 rpm. This solution was transferred 
to tightly sealed Tefl lined autoclave. The autoclave was 
transferred to a pre-heated electric oven at 180 C for 10 h. 
After cooling down the autoclave naturally at room tempera- 
ture, the collected material was washed several times using dis- 
tilled water and ethanol. The precipitates so obtained were 
dried in an electric oven at 100oC for 2 h. To completely trans- 
form the Mg(OH)2 phase to MgO cubic phase in the composite 
material, it was given a post annealing session at 500oC for 
was magnetically stirred in dark for 30 min to achieve the 
adsorption-desorption equilibrium. Thereafter, the solution 
was exposed to the UV light and 4 ml of the exposed solu- 
tions was collected at regular intervals of 30 min. The col- 
lected samples were centrifuged to remove the 
photocatalysts. Then the samples were analyzed for the pho- 
tocatalytic degradation using a UV-Vis spectrophotometer 
(Shimadzu Pharmaspec-1700). 
 
C. Preparation method for antibacterial activity 
To investigate the antibacterial test, the method 
followed is same as reported previously.
38 
Briefly the test 
samples (MgO/GNPs 12% and MgO/GNPs 25%) with a con- 
centration of 10 mg/ml of sterile water were mixed and soni- 
cated. The 200 μl of the test sample was added to 5 ml 
Luria- Bertani (LB) medium. 100μl of the inoculum 
(bacterial cul- ture in LB) was added to the above 
modified growth medium. The inoculated media 
containing the test sample was incubated at 37OC for 24 h. 
 
D. Characterizations 
The prepared materials were characterized for their vari- 
ous physio-chemical properties. The X-ray diffractograms 
were recorded using the Panalytical X’Pert PRO diffractom- 
eter equipped with Cu Ka radiation, using powdered X-ray 
diffraction. The FTIR spectra of pristine MgO and 
MgO/GNPs nanocomposites were recorded by Shimadzu 
(IR Tracer-100) spectrometer using KBr pellets method. 
The morphology and microstructure of the prepared samples 
was studied by field emission scanning electron microscopy 
(FE-SEM) (MIRA3 TESCAN) and TEM (JEOL 2100 F) 
operating at 200 kV. The Raman spectroscopic 
measurements of powdered samples were taken at room tem- 
perature using Ramboss equipped with the excitation laser of 
wavelength 314 nm. The photoluminescence measurements 
were made at room temperature with a laser of 325 nm wave- 
length. The UV-Vis spectra were recorded by UV-Vis spec- 
trophotometer (Shimadzu Pharmaspec-1700). 
 
III. RESULTS AND DISCUSSION 
A. Structural and morphological analysis 
The crystalline nature and phase purity of pristine MgO 
and MgO/GNPs nanocomposites was analysed in the range 
3 h in a tube furnace. The MgO nanohexagons were prepared of 10 –80 in the diffractograms depicted in Fig. 1. The sam- 
by following same route but without the addition of GNPs. ple MgO shows peaks located at 36.9 (111), 42.7 (200), 
Two nanocomposites labelled as MgO/GNPs 12% and MgO/ 61.9 (220), 74.5 (311), and 78.5 (222). All these peaks 
GNPs 25% were prepared with different loadings of GNPs, 
i.e., 12% and 25% of MgO, respectively. 
 
B. Photocatalytic activity experiment 
The photocatalytic performance of the prepared samples 
was studied by monitoring the photo degradation of methyl 
orange in a photocatalytic chamber equipped with a 90 W, 
type-C UV lamp, as the irradiation source. In each experi- 
ment, 40 mg of photocatalyst was dispersed in a 100 ml of 
1.5     10  
5 
M methyl orange aqueous solution. The solution 
can be indexed to single phase cubic crystalline MgO struc- 
ture and perfectly match with JCPDS-00-043-1021, with lat- 
tice  parameters  a = b = c =4.2130 A˚ , and α = β = γ =90o . 
No peaks related to Mg(OH)2 phase are observed. The X-ray 
diffractograms of MgO/GNPs with two different concentra- 
tions of GNPs show all the peaks of cubic MgO phase along 
with the small diffraction peak at 26o . This peak is the 
manifestation of C (002) plane contributed by the graphitic 
matrix. Thus, X-ray diffractograms confirm the formation 
of multiphase MgO/GNPs nanocomposites. The X-ray 
diffrac- tograms agree with previous reports.
39,40
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FIG. 1. X-ray diffractograms describing the crystalline phase of MgO and 
MgO/GNPs nanocomposites. 
 
 
To investigate the morphology of MgO/GNPs nanocom- 
posites, FE-SEM  and  TEM  analysis  was  conducted.  The 
 
elemental confirmation of MgO/GNPs 25% nanocomposite, 
Fig. 2(h) presents the EDS spectrum. The presence of Mg, 
O, and C confirms the formation of the MgO/GNPs 
nanocomposite. 
 
B. FTIR and Raman analysis 
To verify the chemical bond formation in the pristine 
MgO and nanocomposites, the FTIR spectroscopy was used to 
obtain the data in the range 400 cm 
1–4000 cm 1. The FTIR 
spectroscopic response is elaborated in Fig. 3. MgO nanohexa- 
gons possess bands below 1000 cm -
1
. In the case of pristine 
MgO nanohexagons, four bands are  observed.  A  band  at 
424 cm -
1 
can be attributed to the Mg-O stretching vibrations. 
The  other  bands  associated  with   Mg-O   vibrations   are 
538 cm -
1
, 683 cm -
1
, and 881 cm -
1
. The adsorbed water mole- 
cules and surface hydroxyl groups manifest their presence by a 
band around 1442 cm 
1 
and 1630 cm 
1
. These strong bands 
appear due to the hygroscopic nature of MgO. The chemical 
bond Mg-OH has established the vibrations by a band around 
3470 cm 
1
. The MgO/GNPs nanocomposites with 12% and 
25% loaded GNPs show a slight shift in the 538 cm 
1 
band to 
higher wavenumbers. This shift is due to the incorporation of 
GNPs matrix in the nanocomposite material. Thus, FTIR 
results are in agreement with the previous report.
41
 
Raman analysis is of utmost importance for the analysis of 
graphene based systems as it gives information about the 
quality of graphene and the direct evidence of formation of 
its nanocomposites with the other species. The Raman spec- 
tra of MgO/GNPs nanocomposites are presented in the range 
of 1200 cm-
1–1700 cm- 1 as shown in Fig. 4. The character- 
istic bands of graphene nanoplatelets are first order scattering 
bands, i.e., defect band (D-band) and G-band. The D-band is 
2 
images reveal the multiphase nature of material by formation induced by the disorder present on sp hybridized planar 
of MgO nanohexagons on GNPs. Fig. 2(a) establishes that 
MgO is mainly composed of MgO units which have the mor- 
structure of graphene. It is primarily activated in the pres- 
ence of lattice defects, doping, and covalent attachments in 
42 
phology of lamellar to hexagons with variable edge lengths the form of functionalizations or other atoms. The doubly 
as labelled in Fig. 2(a). Figs. 2(b) and 2(c) represent the degenerate E2g   mode (G-band) appears due to  first  order  1 
microstructure of MgO/GNPs nanocomposite with 25% scattering at 1587
-1cm 
 1 
. The D-band of GNPs is located at 
GNPs loading. MgO nanohexagons seem to be embedded on 1350
-1cm .In MgO/GNPs, 12% and 25% nanocomposites, 
 1 
GNPs.  MgO nanohexagons with the edge lengths in the the G-band exhibits shift to higher values by 19 cm 
, i.e., to 
range of 121 nm–190 nm can be observed on graphene nano- 1606cm .This shift is associated with charge transfer 
platelets. This assembly confirms the multiphase nature of between MgO and GNPs, and depicts the formation of nano- 43 
the nanocomposites material. It is interesting to note that, on composites. The D-band in MgO/GNPs  12% and 25% 
the inclusion of graphene nanoplatelets, the edge length of 
MgO nanohexagons reduces significantly as compared to the 
pristine MgO. The insets in Fig. 2 present the energy disper- 
sive X-ray  (EDX)  spectra  of  MgO and MgO/GNPs 25% 
nanocomposites and confirm the elemental composition of 
prepared samples. The TEM image shown in Fig. 2(d) fur- 
ther verifies the multiphase nature of MgO/GNPs 25% nano- 
composite. The HRTEM images are presented in Figs. 
2(e)–2(g), whereas the insets are the selected area electron 
diffraction patterns. These images show the crystalline 
nature of MgO and agree with the results obtained from X- 
ray diffraction patterns. The HR-TEM images presented in 
Figs. 2(e) and 2(g) clearly show the interface between gra- 
phene sheets and MgO. It confirms the successful coupling 
between  MgO  and  graphene  sheets.  To  demonstrate  the 
have become broader and an increase  in  its  intensity  is 
observed as compared to bare GNPs. This is due to the incor- 
poration of MgO on the surface of GNPs. The intensity ratio 
between D-band and G-band, i.e., ID/IG for GNPs is 0.73. It 
is increased to 0.941, and 0.953 for MgO/GNPs 12% and 
MgO/GNPs 25% nanocomposites, respectively. On the bases 
of Raman analysis, the incorporation of MgO with GNPs in 
the form of nanocomposites material can be speculated. The 
G-band shift and the increased ID/IG values indicate the for- 
mation of nanocomposites. 
 
C. Photocatalytic properties 
The photocatalytic activity of the synthesized samples, 
i.e., MgO and MgO/GNPs nanocomposites is investigated by 
using   an   industrial   dye   methyl   orange   as   the   water 
.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIG. 2. SEM micrographs of (a) MgO 
(b), (c) MgO/GNPs 25% nanocompo- 
sites. Insets are the EDX spectra. (d) 
TEM image of MgO/GNPs 25%, (e)–
(g) HR-TEM images of MgO and 
MgO/GNPs 25%, insets depict SAED 
patterns, and (h) EDS of MgO/GNPs 
25% nanocomposite. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
contaminant. All the samples were stirred  in  dark  for 
120 min and the adsorption-desorption equilibrium was 
achieved in 30 m as presented in Figs. 5(a)–5(c). The 
degradation of methyl orange strongly depends on the power 
of UV lamp used. The dye concentration used for the degra- 
dation process is optimized for the given power of UV lamp. 
If a higher concentration of the dye is used, then the time 
required for the degradation would be higher. Same is true 
if a low power light source is used. The UV-Visible absorp- 
tion spectra for methyl orange solution under UV light irradi- 
ation in the presence of photocatalysts are shown in Figs. 
6(a)–6(c). The absorbance of methyl orange showed a 
decreasing trend with an increase in irradiation time. The 
 
photocatalysts MgO and MgO/GNPs 12% nanocomposites 
photodegrade 43% and 44% dye, respectively, in 120 m. 
Methyl orange is degraded to 97.23% in the presence of 
MgO/GNPs 25% nanocomposite in the same time. The % 
degradation efficiencies are calculated using the expression, 
% degradation efficiency = (1 – Ct / Co) x100; 
where Co is the initial concentration of aqueous solution of 
methyl orange, Ct is its concentration at different time inter- 
vals, and Ct and Co are determined by using the Beer- 
Lambert’s law. The photocatalytic degradation of methyl 
orange in the presence of MgO and MgO/GNPs nanocompo- 
sites  under  UV  light  irradiation  is  shown  in  Fig.  7.  The 
.  
 
 
 
 
FIG. 3. FTIR spectra of MgO/GNPs nanocomposites. 
 
mechanism for the degradation of methyl orange is proposed 
in Fig. 8. The molecules of methyl orange can be transferred 
to the surface of the photocatalysts (i.e., by the adsorption 
process). After the UV light illumination, the valence elec- 
trons of MgO are excited to its conduction band. As the gra- 
phene family materials possess an excellent electrical 
conductivity, therefore these electrons are ultimately accepted  
by adjacent GNPs network. Parallel to this, an increase in the 
 
 
 
 
FIG. 4. Raman analysis of GNPs, MgO/GNPs 12%, and MgO/GNPs 25% 
nanocomposites. 
 
 
 
FIG. 5. (a)–(c) Adsorption-desorption equilibrium curves of MgO, MgO/ 
GNPs 12%, and MgO/GNPs 25% nanocomposites. 
 
number of holes is observed. As GNPs are the good acceptors 
of electrons, so the conductive network of GNPs retains the 
charge carriers, ultimately delaying the recombination of e 
CB-h
þ
VB pairs. The increase in the number of holes and 
electrons initiate the generation of reactive oxygen species 
.  
 
 
 
 
FIG. 6. (a)–(c) Time evolution of absorbance spectra of methyl orange in 
the presence of various photocatalysts. 
 
(ROS). It is well established in the previous literature that the 
holes produced in the valence band react with chemisorbed 
water to produce  OH radicals.
44–46 
These radicals succes- 
sively attack methyl orange. It results in the oxidation of 
adsorbed dye  by  producing  various  intermediates.  The 
 
 
 
FIG. 7. Photodegradation curves of MgO and MgO/GNPs nanocomposites. 
 
 
intermediates are then converted into CO2, and H2O as 
explained step by step in Fig. 9. It leads to the complete deg- 
radation of methyl orange. The suggested mechanism depict- 
ing the formation of intermediates is already proven with 
evidences in previous studies.
47,48 
The photocatalytic reaction 
can be explained by following reactions: 
MgO – GNPs + hMgO (h+VB) – GNPs (e-CB) 
MgO (h+VB) + (H2O  H+ + OH-) MgO + H+ + OH 
GNPs (e-CB) + O2  GNPs + O-2 
O-2 + (H+ + OH-)  H2O + OH- 
 ROS + Methyl orange  H2O + CO2 
The MgO/GNPs nanocomposites show a better photoca- 
talytic activity than bare MgO. The importance of the opti- 
mum percentage of GNPs in nanocomposite is exhibited by 
the excellent enhancement in photocatalytic activity of 
MgO/GNPs 25% nanocomposite. From these observations, 
the highest photocatalytic activity associated with maximum 
GNPs content is attributed to the effective electron transfer 
from the conduction band of MgO to GNPs. This transfer 
 
 
 
 
FIG. 8. Schematic presentation of the photocatalytic activity of MgO/GNPs 
nanocomposites. 
.  
 
 
 
 
FIG. 9. Schematic illustration of the conversion of methyl orange to inter- 
mediates in the presence of reactive oxygen species. 
 
reduces the recombination of photogenerated e CB-h
þ
VB 
pairs. The steady state photoluminescence analysis was con- 
ducted for MgO and MgO/GNPs 25% nanocomposite to 
examine the charge carrier trapping and recombination pro- 
cess. The generation and separation of the charge carriers is 
the key factor that influences the photocatalytic response of 
MgO and MgO/GNPs nanocomposite. The photolumines- 
cence intensity indicates the recombination of charge 
carriers. Fig. 10 depicts that MgO possess a much stronger 
intensity which is an indication of fast recombination of pho- 
togenerated e CB-h
þ
VB pairs. Whereas the inclusion of gra- 
phene nanoplatelets significantly reduces the PL intensity. 
The charge trapping induced by GNPs provides clue for an 
excellent photocatalytic activity of MgO/GNPs 25% nano- 
composite. This behavior is reported previously as well.
49,50 
Moreover the remarkable increase of photocatalytic activity 
of MgO/GNPs nanocomposite can also be attributed to the 
strong interaction between MgO and defect sites of GNPs 
and MgO nanocomposite. In order to thoroughly investigate 
the photocatalysis process, the apparent rate  constants  of 
the reactions are determined by applying pseudo first 
order kinetics. The rate constants are determined by 
expression, ln(Co/Ct) = kt 
: 
 
 
 
FIG. 10. Photoluminescence spectra of MgO and MgO/GNPs 25% 
nanocomposite. 
 
 
 
Here k is the apparent rate constant, and is obtained by 
linear fitting of the data as presented in Fig. 11. The apparent 
rate constant increases significantly for MgO/GNPs 25% 
(0.02 m 
1
) where as it is 0.003 m 
1 
and 0.004 m 
1 
for MgO 
and MgO/GNPs 12%, respectively. The photocatalytic find- 
ings suggest a way for the fast and efficient degradation of 
methyl orange by modification of MgO. These results are 
extremely better than the previous study where methyl 
orange was degraded up to 92% and 96% in 270 m  and 210 
m, respectively.
51
 
It is essentially important to study the stability and dura- 
bility of the photocatalysts for practical benefits. The recy- 
clability performance of MgO/GNPs 25% nanocomposite 
was studied under similar conditions. The inset in Fig. 11 
shows that the MgO/GNPs 25% nanocomposite shows no 
 
 
 
 
FIG. 11. Pseudo first order kinetics of degradation of methyl orange in the 
presence of MgO and MgO/GNPs nanocomposites. Inset is the recyclability 
performance of MgO/GNPs 25% nanocomposite. 
.  
 
 
significant loss of photocatalytic activity during three succes- 
sive UV activated degradation experiments. The results indi- 
cate that MgO/GNPs 25% nanocomposite is  an excellent 
photocatalyst under the UV light irradiation for practical 
benefits. Here results clearly show that methyl orange could 
be removed up to 97.23% by the photocatalyst MgO/GNPs 
25% nanocomposite in much less time, i.e., 120 m with a 
high apparent rate constant. It is also found that the efficient 
photodegradation of methyl orange is achieved with a less 
amount of photocatalyst (0.4 g/l) in the present study where 
as 0.5 g/l (0.1 g/200 ml) MgO was used to decolorize the 
methyl orange in a previous work.
52
 
 
D. Antibacterial properties 
MgO is considered as a nontoxic material for the human 
and animal tissue as it is used as anti-laxative and relieving 
agent of stomach burn. It has a well known antibacterial 
activity.
13,20–22 
In this study, the effect of increased amount 
of GNPs on the antibacterial activity of MgO/GNPs nano- 
composites is comprehensively investigated. The antibacte- 
rial activity of MgO/GNPs nanocomposites is evaluated 
against both Gram positive (Methicillin resistant 
Staphylococcus aureus) and Gram negative bacterial strains 
(Pseudomonas aeruginosa, and Escherichia coli).  The 
results are obtained by analysing the bacterial strains in the  
absence and presence of aqueous colloidal suspensions of 
MgO/GNPs nanocomposites for an incubation time of 24 h. 
Absorbance at 600 nm was recorded up to 24 h to monitor 
the growth profile of the bacteria in the presence and absence 
of the test samples. The results of time kill assay are pre- 
sented by growth inhibition curves in Fig. 12. The control 
sample represents the untreated bacterial strains. The nano- 
composites show an antibacterial activity towards all the 
three bacterial strains. It is found that the growth of S. aureus 
is significantly inhibited in the presence of MgO/GNPs 25% 
nanocomposite as compared to MgO/GNPs 12%, presented 
as histograms in Fig. 12 (49% and 25%, respectively). For E. 
coli, the MgO/GNPs 12% and MgO/GNPs 25% nanocompo- 
sites inhibit 33% and 44.5% growth rate, respectively. The 
findings further reveal that 22% and 22.38% growth of 
Pseudomonas aeruginosa is inhibited by MgO/GNPs 12% 
and MgO/GNPs 25% nanocomposites, respectively. Thus, 
the time kill assay suggests that MgO/GNPs 25% nanocom- 
posite has been found more effective as compared to MgO/ 
GNPs 12% nanocomposite in controlling the bacterial 
growth. 
The increased amount of GNPs in the nanocomposites 
results in a higher inhibition of growth. MgO/GNPs 25% has 
the highest inhibition growth rate for S. aureus, i.e., 49% 
inhibition of bacterial growth is achieved. So, it is slightly 
more effective to inhibit the growth rates for Gram positive 
bacterial strains. A comparative analysis is presented in 
Table I, that catalogues the results from other studies that 
explore the antibacterial performance of the graphene based 
materials. 
The exact mechanism responsible for the loss of bacte- 
rial integrity is still under debate. In previous studies, various 
mechanisms have been proposed to account for reduction in 
 
 
 
FIG. 12. Effect of MgO/GNPs nanocomposites on the growth of different 
bacterial strains (a) S. aureus, (b) E. Coli, and (c) Pseudomonas aeruginosa. 
Insets depict the cell viability analysis in the presence of MgO/GNPs 
nanocomposites. 
 
the growth rate of pathogenic bacteria. The MgO decorated 
sheets like structure of GNPs (as confirmed by FE-SEM and 
TEM images in Figs. 2(b) and 2(d)) demonstrates that bacte- 
rial strains may develop an intimate contact with the rough 
surface of MgO loaded GNPs. The edges of GNPs exert 
.  
 
 
TABLE I. A comparative summary of antibacterial performance of graphene based nanomaterials. 
 
Material % Cell inactivation S. aureus % Cell inactivation E. coli % Cell inactivation Pseudomonas aeruginosa References 
Graphite Not tested 26.1 6 4.8% Not tested 53 
Graphite oxide Not tested 15.0 6 3.7% Not tested 53 
Graphene oxide Not tested 69.3 6 6.1% Not tested 53 
rGO Not tested 49.5 6 4.8% Not tested 53 
Graphene oxide film 61% 51% Not tested 54 
Polyethyleneimine-modified rGO 20.5 6 0.9% 14.8 6 1.7% Not tested 55 
Graphene on Cu 34% 56% Not tested 56 
Graphene oxide Not tested Growth is enhanced Not tested 57 
Graphite <10% Not tested <10% 58 
Graphene-R  49% Not tested  83% 58 
MgO/GNPs 25% 49% 44.5% 22.4% Present study 
 
 
stress on the bacterial cell wall, leading to rupturing of the 
cell membranes with an ultimate leakage of the bacterial 
cytoplasmic content. These edges play the role of cutters for 
cell membranes. It results in the bacterial cell death.
53,59 
Similar antibacterial mechanism involving physical contact 
of tubes with bacteria and internalization of small tubes has 
been suggested for single wall carbon nanotubes, multiwall 
carbon nanotubes, and fullerenes as well. All these species 
are chemically like graphene.
60–63 
It may be further sug- 
gested that wrapping of sheet like nanocomposites around 
bacteria provides a higher concentration of metal oxide 
nanostructures (MgO in our case) on the bacterial surface. It 
is elucidated by Raman spectra in Fig. 4, that nanocompo- 
sites are rich in defects. The rough surface of MgO decorated 
GNPs envelops the bacteria. The loss of bacterial membrane 
integrity is the consequence of accumulations of MgO 
nanohexagons.
64
 
Another plausible mechanism is suggested recently for 
graphene induced cell death. In few recent researches, it has 
been additionally reasoned that the charge imbalance on 
cell membrane leads to membrane collapse. As the cell 
membranes of bacteria are negatively charged. Graphene 
family nanostructures are considered as good electron 
acceptors due to their exceptionally high electrical conduc- 
tivity. The contact between bacteria and nanocomposite may 
result in the flow of negative charge from bacterial mem- 
brane to the GNPs which provide a conductive network 
enveloping the cell membranes. This leads to charge imbal- 
ance on the bacterial cell membrane, thus inducing the bacte- 
rial death.
65 
Some studies on other metal oxide/graphene 
based nanocomposites have suggested that the release of 
positive metal ions (Mg
+ 
ions from MgO nanohexagons in 
present study) followed by penetration of ions into the cell 
membranes eventually induces bacterial death.
66
 
In the light of above discussion, it is suggested that 
superior antibacterial performance of MgO/GNPs 
nanocomposites is the synergistic effect of edge stress 
created by GNPs, Mg
+ 
ions internalization by bacteria and 
charge imbalance created on bacterial cell boundary (due 
to flow of negative charge from the membrane to GNPs). 
Gram negative bacte- ria have been found to be relatively 
more resistant as com- pared to the Gram positive, S. aureus 
bacteria. 
S. aureus is antibiotic resistant and is potentially harmful. 
It spreads very easily on a direct contact with the infected per- 
son or contaminated objects. E. coli are generally found in 
intestine and can be transferred from unsafe drinking water 
and food. They may cause intestinal infections.
38 
Therefore, it 
is essential to develop a cheap, easy to produce, and effective 
antibacterial agents giving control over growth of pathogenic 
bacteria. In this regard, MgO/GNPs 25% nanocomposite is an 
effective antibacterial agent. We envision that the antibacterial 
performance of MgO/GNPs nanocomposites can further be tai- 
lored by the variation of dose rates during incubation and by 
changing the amount of GNPs in the nanocomposites. 
 
IV. CONCLUSIONS 
The MgO/GNPs nanocomposites with different concen- 
trations of GNPs have been synthesized successfully by a 
simple solvothermal route. The electron accepting nature of 
GNPs plays the vital role for making MgO/GNPs 25% nano- 
composite bifunctional. The assembly of GNPs and MgO 
provides an efficient route to enhance the photocatalytic 
properties of MgO nanohexagons up to 97.23% in 120 min 
under UV light irradiation. The investigation of GNPs 
amount dependent antibacterial activity reveals that MgO/ 
GNPs 25% nanocomposite shows a higher toxicity towards 
S. aureus and E. coli with 49% and 44.5% inhibition of 
growth, respectively. Therefore, the prepared 
nanocomposite MgO/GNPs 25% can be used as a 
multifunctional material for cleaning of waste water and 
antibacterial agent. 
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